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Description 

IN-PLANE SWITCHING MODE LIQUID 

CRYSTAL DISPLAY 

Background of Invention 
[0001] 1. Field of the Invention 

[0002] The present invention generally relates to a liquid crystal 
display (LCD), and more particularly, to a liquid crystal 
display having a low driving voltage and a high driving ve- 
locity. 

[0003] 2. Description of the Prior Art 

[0004] In a liquid crystal display, incidentlight will produce differ- 
ent ppolarization orrefraction when the alignments of liq- 
uid crystal molecules are different to produce gorgeous 
iimages. Sincean LCD has the advantages of being 
lightweight, having low energy consumption, and being 
free of radiation emission, the LCD is widely used in vari- 
ous portable products, such as notebooks, personal data 
assistants (PDA), video cameras, etc., and even has a great 



potential to replace the conventional CRT monitor. 
[0005] However, a conventional twisted nematic (TN) liquid crys- 
tal display and a conventional super-twisted nematic 
(STN) liquid crystal display have a very narrow viewing an- 
gle due to the structure of liquid crystal molecules and 
characteristics of optics, leading to a lot of limitation in 
application. Therefore, LCD manufacturers are all devoted 
to developing an LCD having a new structure to provide a 
wide viewing angle. For example, an in-plane switching 
mode liquid crystal display (IPS-LCD) is disclosed in US 
patent 6,111,627 to effectively improve the problem of 
the viewing angle in the conventional twisted nematic 
LCD. 

[0006] Please refer to Fig.l and Fig. 2. Fig.l is a cross sectional 
schematic diagram of a conventional in-plane switching 
mode LCD 10. Fig. 2 is a corresponding top view of the 
conventional in-plane switching mode LCD 10. As shown 
in Fig.l, the conventional IPS-LCD 10 comprises a first 
substrate 12, a second substrate 14 in parallel with and 
opposite to the first substrate 12, at least one first elec- 
trode 16 and at least one second electrode 18 disposed 
on an upper surface of the second substrate 14, an isola- 
tion layer 15 disposed between the first electrode 16 and 



the second electrode 18 for preventing the first electrode 
16 and the second electrode 18 from short circuiting, a 
first polarizer 13a and a second polarizer 13b disposed 
on a lower surface of the second substrate 14 and an up- 
per surface of the first substrate 12 respectively, a first 
alignment layer 19a and a second alignment layer 19b 
disposed on the second substrate 14 and a lower surface 
of the first substrate 12 respectively, and a plurality of 
positive dielectric constant anisotropy liquid crystal 
molecules 17 filled in between the first substrate 12 and 
the second substrate 14. 

[0007] The first electrode 16 is a counter electrode or a common 
electrode, and the second electrode 18 is a pixel elec- 
trode. The rubbing axis of the first alignment layer 19a 
determines the original orientation of the liquid crystal 
molecules 17. The rubbing axis of the second alignment 
layer 19b is the same as the rubbing axis of the first 
alignment layer 19a. The polarized direction of the first 
polarizer 13a is the same as the rubbing axis of the first 
alignment layer 19a, and the polarized direction of the 
second polarizer 13b is perpendicular to the polarized di- 
rection of the first polarizer 13a. 

[0008] As shown in Fig. 2, the first electrode 16 and the second 



electrode 18 are both in a comb shape. The first electrode 
16 comprises a plurality of equally spaced branches 16a, 
16b, 16c, which are in parallel with a signal line 22. The 
plurality of branches 16a, 16b, 16c are electrically con- 
nected to each other through a bar electrode 16x in par- 
allel with a scan line 24, and the first electrode 16 is elec- 
trically connected to a common signal. The second elec- 
trode 18 and the first electrode 16 are in an interlaced ar- 
rangement. The second electrode 18 comprises a plurality 
of equally spaced branches 18a, 18b, which are in parallel 
with the signal line 22. The plurality of branches 18a, 18b 
are electrically connected to each other through a bar 
electrode 18x in parallel with the scan line 24. The bar 
electrode 18x is electrically connected to a thin film tran- 
sistor 26 in a crossover region of the signal line 22 and 
the scan line 24 to control the turning on of a pixel unit of 
the IPS-LCD 10. 

[0009] When the thin film transistor 26 is turned off, no voltage 
is applied between the first electrode 16 and the second 
electrode 18 and no electric field is formed. At this time, 
the longitudinal axis of the liquid crystal molecules 17 is 
in parallel with the rubbing axis of the first alignment 
layer 19a and the second alignment layer 19b. That 



means, the longitudinal axis of the liquid crystal 
molecules 17 is aligned tto thedirection that is coincident 
with the polarized direction of the first polarizer 13a. 
Therefore, no light can pass through the second polarizer 
13b, and the observer cannot see any light emitted from 
the IPS-LCD 10. As a result, a perfect dark state of the 
IPS-LCD 10 is formed. When the thin film transistor 26 is 
turned on, the longitudinal axis of the liquid crystal 
molecules 17, affected by the electric ffield, graduallyro- 
tates from the original alignment direction to the align- 
ment direction that is parallel to the electric field. That 
means, an angle difference is formed between the longi- 
tudinal axis of the liquid crystal molecules 17 and the po- 
larized direction of the first polarizer 13a to allow light 
pass through, leading to a bright state of the IPS-LCD 10. 
[0010] The conventional in-plane switching mode LCD can im- 
prove the problem of narrow viewing angle, which usually 
brings limitation to the conventional twisted nematic LCD. 
However, an LCD only having the advantage of wide view- 
ing angle is not sufficient for ttoday'srequirement. When a 
voltage is applied between the pixel electrode and the 
counter electrode of the conventional in-plane switching 
mode LCD to generate a corresponding electric field, the 



electric lines nearby the color filter of the top substrate 
will bend. Thus, the rotation of the liquid crystal 
molecules is not as expected to affect various perfor- 
mance of the LCD. 
[001 1] It is therefore very important to resolve the above- 
mentioned problem when developing a wide viewing angle 
LCD to reduce the driving voltage and power consump- 
tion, improve the driving velocity to fulfill the requirement 
of animation projecting, increase the light efficiency of 
LCD and reduce cost of backlight, and simplify the pro- 
cessing and reduce total cost so as to produce a more 

competitive LCD product. 
Summary of Invention 

[0012] It is an object of the present invention to provide an in- 
plane switching mode liquid crystal display (IPS-LCD) hav- 
ing a low driving voltage and a high driving velocity. 

[0013] According to one aspect of the present invention, an in- 
plane switching mode liquid crystal display ccomprises 
abottom substrate, at least one first electrode, at least 
one second electrode, a top substrate, and a plurality of 
liquid crystal molecules. At least one pixel area is defined 
on an upper surface of the bottom substrate. The first 
electrode is disposed in the pixel area on the upper sur- 



face of the bottom substrate, and the first electrode is a 
protrusion elongated along a first direction. The second 
electrode is disposed in the pixel area on the upper sur- 
face of the bottom substrate. The second electrode is a 
protrusion elongated along the first direction, and the 
second electrode and the first electrode are in an inter- 
laced arrangement. The top substrate is in parallel with 
and opposite to the bottom substrate. The plurality of liq- 
uid crystal molecules are filled in between the bottom 
substrate and the top substrate. Wherein a longitudinal 
axis of the liquid crystal molecules is positioned along a 
second direction and is horizontally arranged between the 
upper surface of the bottom substrate and a lower surface 
of the top substrate, and an angle is formed between the 
second direction and the first direction. 
[0014] Since an in-plane switching mode liquid crystal display 
according to the present invention heightens the pixel 
electrode and the common electrode with a bump, the 
electric lines of the biased electric field between the pixel 
electrode and the common electrode are straightened to 
accelerate the rotation of the liquid crystal molecules. 
Consequently, each of the liquid crystal molecules rotates 
to the expected angle earlier. Therefore, not only is the 



problem of the narrow viewing angle which always occurs 
in a conventional twisted nematic liquid crystal display 
improved, but also the driving voltage is reduced to im- 
prove the driving velocity and the transmittance of the in- 
plane switching mode liquid ccrystaldisplay. 
[0015] These and other objectives of the present invention will 
become apparent to those of ordinary skill in the art after 
having read the following detailed description of the pre- 
ferred embodiments illustrated in the various drawings. 
Brief Description of Drawings 

[0016] Fig.l is a cross sectional schematic diagram of a conven- 
tional in-plane switching mode LCD. 

[0017] Fig. 2 is a corresponding top view of the conventional in- 
plane switching mode LCD. 

[0018] Fig. 3 is a top view of an in-plane switching mode LCD 
having a low driving voltage and a high driving velocity 
according to a first preferred embodiment of the present 
invention. 

[0019] Fig. 4 and Fig. 5 aare crosssectional schematic diagrams of 
the in-plane switching mode LCD along line 4-4" of Fig. 3. 

[0020] Fig. 6 and Fig. 7 are schematic diagrams of the operation of 
the present invention IPS-LCD shown in Fig. 3. 

[0021] Fig. 8 is a cross sectional schematic diagram of an in- 



plane switching mode LCD along line 4-4" of Fig. 3 ac- 
cording to a second preferred embodiment of the present 
invention. 

[0022] Fig. 9 is a comparison chart of voltage-transmittance 

curves of the present invention IPS-LCDs and the prior art 

IPS-LCD having no bump. 
Detailed Description 

[0023] Please refer to Fig. 3 and Fig. 5. Fig. 3 is a top view of an in- 
plane switching mode LCD 100 having a low driving volt- 
age and a high driving velocity according to a first pre- 
ferred embodiment of the present invention. Fig. 4 and 
Fig. 5 are cross sectional schematic diagrams of the in- 
plane switching mode LCD lOOalong line 4-4" of Fig. 3. As 
shown in Fig. 3 and Fig. 4, the present invention IPS-LCD 
100 comprises a first substrate 102, a second substrate 
104 in parallel with and opposite to the first substrate 
102. The first substrate 102 may be a top substrate or a 
bottom substrate. Relatively, the second substrate 104 
may be a bottom substrate or a top substrate. In the pre- 
ferred embodiment of the present invention disclosed in 
Fig. 3 and Fig. 4, the first substrate 102 is a top substrate 
and the second substrate 104 is a bottom substrate. How- 
ever, the present invention may be applied to the struc- 



ture in which the first substrate 102 is a bottom substrate 
and the second substrate 104 is a top substrate. 
[0024] As shown in Fig. 3, at least one first electrode 106 and at 
least one second electrode 108 are disposed in the pixel 
area on an upper surface of the second substrate 104 op- 
posite to the first substrate 102. The first electrode 106 is 
used as a common electrode or a counter electrode of the 
IPS-LCD 100, and the second electrode 108 is used as a 
pixel electrode of the IPS-LCD 100. Both the first elec- 
trode 106 and the second electrode 108 are in a comb 
shape. The first electrode 106 comprises a plurality of 
equally spaced branches 106a, 106b, 106c, which are in 
parallel with a signal line 202. The plurality of branches 
106a, 106b, 106c are electrically connected to each other 
through a bar electrode 106x in parallel with a scan line 
204, and the first electrode 106 is electrically connected 
to a common signal directly or through a via hole (not 
shown). The second electrode 108 and the first electrode 
106 are in an interlaced arrangement. The second elec- 
trode 108 comprises a plurality of equally spaced 
branches 108a, 108b, which are in parallel with the signal 
line 202. The plurality of branches 108a, 108b are electri- 
cally connected to each other through a bar electrode 



108x in parallel with the scan line 204. The bar electrode 
108x is electrically connected to a thin film transistor 206 
in a crossover region of the signal line 202 and the scan 
line 204 to control the turning on of a pixel unit of the 
IPS-LCD 100. 

[0025] It is worth noticing that the second electrode 108, used as 
the pixel electrode, and the first electrode 106, used as 
the common electrode, are both protrusions elongated 
along a first direction 123. Both of the first electrode 106 
and the second electrode 108 comprise a bump 130 and a 
conductive layer 129 disposed on a surface of the bump 
130. Each conductive layer 129 may be only disposed on 
the top surface of each bump 130 (as shown in Fig. 4 and 
Fig. 5), or be disposed on the top surface and the lateral 
surface of each bump (not shown). A width of both of the 
first electrode 106 and the second electrode 108 is ap- 
proximately 3-8mm. a spacing between each branch 106a, 
106b, 106c of the first electrode 106 and each branch 
108a, 108b of the second electrode 108 is approximately 
8-16nM. A height of each bump 130, composed of a 
transparent material, is approximately 0.5-2|J|j. Each con- 
ductive layer 129 disposed on the surface of each bump 
130 is composed of a transparent material to increase the 



aperture ratio and the trans mi ttance of the IPS-LCD 100. 
Actually, the material compositions of the bump 130 and 
the conductive layer 129 are not limited to transparent 
materials, and non-transparent material is able to be 
adapted. 

[0026] As shown in Fig. 4, the IPS-LCD 100 further comprises an 
isolation layer 105 disposed between the first electrode 
106 and the second electrode 108 for preventing the first 
electrode 106 and the second electrode 108 from short 
circuiting, a first polarizer 103a and a second polarizer 
103b disposed on a lower surface of the second substrate 
104 and an upper surface of the first substrate 102 re- 
spectively, a first alignment layer (not shown) and a sec- 
ond alignment layer 109b disposed on the second sub- 
strate 104 and a lower surface of the first substrate 102 
respectively, and a liquid crystal molecule layer 107, hav- 
ing a plurality of positive dielectric constant anisotropy 
liquid crystal molecules or a plurality of negative dielectric 
constant anisotropy liquid crystal molecules, filled in be- 
tween the first substrate 102 and the second substrate 
104. The rubbing axis of the first alignment layer (not 
shown) determines the original orientation of the liquid 
crystal molecules in the liquid crystal molecule layer 107. 



The rubbing axis of tlie second alignment layer 109b is 
the same as the rubbing axis of the first alignment layer 
(not shown). The polarized direction of the first polarizer 
103a is perpendicular to the rubbing axis of the first 
alignment layer (not shown), and the polarized direction 
of the second polarizer 103b is perpendicular to the po- 
larized direction of the first polarizer 103a. In addition, 
the first electrode 106 and the second electrode 108 may 
be simultaneously formed on the upper surface of the 
second substrate 104 if the isolation layer 105 is not dis- 
posed between the first electrode 106 and the second 
electrode 108, as shown in Fig. 5. In this case, via holes or 
other layout methods are utilized to electrically connect 
necessary signals to straighten the electric lines of the bi- 
ased electric field. AS a result, the rotation of the liquid 
crystal molecules is accelerated effectively. 
[0027] Please refer to Fig. 6 and Fig. 7. Fig. 6 and Fig. 7 are 

schematic diagrams of the operation of the present inven- 
tion IPS-LCD 100 shown in Fig. 3. As shown in Fig. 6, when 
the thin film transistor 206 (shown in Fig. 3) is turned off, 
no voltage is applied between the first electrode 106 and 
the second electrode 108 and no electric field is formed. 
At this time, the longitudinal axis of liquid crystal 



molecules 128 in the liquid crystal molecule layer 107 is 
aligned to a second direction 131. An angle 66^ s formed 
between the second direction 131 and the first direction 
123, and the second direction 131 is perpendicular to the 
polarized direction 133 of the first polarizer 103a. There- 
fore, light can pass through the first polarizer 103a, but 
cannot be polarized by the liquid crystal molecules 128 to 
result in a dark state of the IPS-LCD 100. Since the orien- 
tation direction of the liquid crystal molecules 128 is 
completely perpendicular to the polarized direction 133 of 
the first polarizer 103a, a perfect dark state of the IPS- 
LCD 100 is formed when no electric field is applied. Fur- 
thermore, the rubbing axis of the second alignment layer 
109b may be the same as the rubbing axis of the first 
alignment layer (not shown), the polarized direction of the 
first polarizer 103a may be the same as the rubbing axis 
of the first alignment layer (not shown), and the polarized 
direction of the second polarizer 103b may be perpendic- 
ular to the polarized direction of the first polarizer 103a 
in the present invention. Under the circumstances, light 
cannot pass through the second polarizer 103b, leading 
to the perfect dark state too. Because the principle in such 
a situation is the same as the above-mentioned principle. 



it is not mentioned redundantly. 
[0028] As sliown in Fig. 7, wlien the thin film transistor 206 

(shown in Fig. 3) is turned on and a corresponding image 
signal is transmitted through the signal line 202, a biased 
electric field perpendicular to the first direction 123 is 
generated between the second electrode 108 and the first 
electrode 106. Since a bump 130, having a height of ap- 
proximately 0.5-2MM, is disposed at the bottom of each of 
the second electrode 108 and the first electrode 106, the 
second electrode 108 and the first electrode 106 are thus 
heightened. In comparison with the not heightened pixel 
electrode and the counter electrode according to the prior 
art, the heightened second electrode 108 and the height- 
ened first electrode 106 will change the electric line dis- 
tribution of the biased electric field by straightening the 
electric lines (as shown in Fig. 4 and Fig. 5). The straight- 
ened electric lines will accelerate the rotation of liquid 
crystal molecules 128. As a result, the liquid crystal 
molecules 128 gradually rotate from the second direction 
131, which they originally aligned, to the alignment direc- 
tion 123 that is parallel to the second electrode 108 and 
the first electrode 106, when the liquid crystal molecules 
128 are negative dielectric constant anisotropy liquid 



crystal molecules. That means, an angle difference is 
formed to allow light pass through, leading to a bright 
state of the IPS-LCD 100. Because the biased electric field 
is an electric field in parallel with a surface of the second 
substrate 104, the rotation of each liquid crystal molecule 
128 is maintained on a fixed plane. Actually, the liquid 
crystal molecules 128 may gradually rotate from the sec- 
ond direction 131 to the alignment direction (not shown) 
that is perpendicular to the second electrode 108 and the 
first electrode 106, when the liquid crystal molecules 128 
are positive dielectric constant anisotropy liquid crystal 
molecules. 

[0029] In summary, the present invention changes the electric 

line distribution of the biased electric field to enhance the 
driving ability of the biased electric field for each liquid 
crystal molecule to allow each liquid crystal molecule to 
rotate to an expected angle earlier. The driving voltage of 
the IPS-LCD 100 is thus reduced, and the transmittance of 
the IPS-LCD 100 is thus increased. 

[0030] Please refer to Fig. 8. Fig. 8 is a cross sectional schematic 

diagram of an in-plane switching mode LCD 200along line 
4-4" of Fig. 3 according to a second preferred embodi- 
ment of the present invention. As shown in Fig. 8, each of 



pixel electrodes 212 and common electrodes 216 com- 
prises a bump 230 in a shape of a triangular prism and a 
conductive layer 229 disposed on a surface of the bump 
230. A width of both of the pixel electrode 212 and the 
common electrode 216 is approximately 3-8|jm, and a 
spacing between each branch of the pixel electrode 212 
and the common electrode 216 is approximately 8-16|JM- 
The bump 230, having a height of approximately 0.5-2|J|j, 
is composed of a transparent material. Furthermore, the 
conductive layer 229 disposed on the surface of each 
bump 230 is also composed of a transparent conductive 
material to increase the aperture ratio and the transmit- 
tance of the IPS-LCD 200. In fact, the material composi- 
tions of the bump 230 and the conductive layer 229 are 
not limited to transparent materials; non-transparent ma- 
terial is able to be adapted. Since the operation principle 
of the IPS-LCD 200 in Fig. 8 is the same as the principle 
mentioned in Fig. 6 and Fig. 7, it is not mentioned redun- 
dantly. 

[0031] Please refer to Fig. 9. Fig. 9 is a comparison chart of volt- 
age-transmittance curves of the present invention IPS- 
LCDs 100, 200 and the prior art IPS-LCD 10 having no 
bump. In Fig. 9, the width of both of the pixel electrode 



and the common electrode is 4mm the spacing between 
each branch of the pixel electrode and the common elec- 
trode is 4[X[xm and a cell gap is 4\i\xm By utilizing these 
common parameters, simulation is executed to obtain the 
curves. In curve A, both of the pixel electrode and the 
common electrode are in a shape of a traditional rectan- 
gular prism, and no bump is disposed at the bottom of 
them; in curve B, both of the pixel electrode and the com- 
mon electrode are in a shape of a traditional rectangular 
prism, and a bump having a height of approximately 
iMMmis disposed at the bottom of each or them; in curve 
C, both of the pixel electrode and the common electrode 
are in a shape of a triangular prism, and a bump having a 
height of approximately Immit^Is disposed at the bottom 
of each or them. 
[0032] As shown in Fig. 9, curve A represents the prior art IPS- 
LCD 10, curve B represents the present invention IPS-LCD 
100, and curve C represents the present invention IPS- 
LCD 200. When the voltage applied is 4.5V, the transmit- 
tance of the IPS-LCD 100 and the IPS-LCD 200, repre- 
sented by curve B and curve C respectively, both reach 
100%. In comparison with the IPS-LCD 10 represented by 
curve A, a lower driving voltage is achieved. At the same 



time, the rotation of tlie liquid crystal molecules in the 
IPS-LCD 100 and the IPS-LCD 200, represented by curve B 
and curve C respectively, is driven by straightened electric 
lines to effective improve the driving velocities of the IPS- 
LCD 100 and the IPS-LCD 200. Furthermore, the shape of 
the pixel electrode and the common electrode in the 
present invention in-plane switching mode LCD is not 
limited to the shapes disclosed in the above two preferred 
embodiments. In addition, the width of the pixel electrode 
and the common electrode, the spacing between the pixel 
electrode and the common electrode, the width of the 
bump, and the shape of the cross section of the bump 
may be changed according to practical requirements. Any 
method resulting in straightened electric lines to acceler- 
ate the rotation of the liquid crystal molecules is within 
the scope of the present invention. 
[0033] The present invention in-plane switching mode liquid 

crystal display disposes a bump at the bottom of each of 
the pixel electrode and the common electrode to 
straighten the electric lines of the biased electric field due 
to the heightened pixel electrode and the heightened 
common electrode. The rotation of the liquid crystal 
molecules is thus accelerated to allow the liquid crystal 



molecules to rotate to the expected angles earlier. Not 
only is the problem of the narrow viewing angle which al- 
ways occurs in a conventional twisted nematic liquid crys- 
tal display improved, but also the driving voltage is re- 
duced and the driving velocity and the transmittance are 
both improved. In addition, the processing is kept simple 
to have cost superiority. 
[0034] As compared to the prior art in-plane switching mode liq- 
uid crystal display, the present invention in-plane switch- 
ing mode liquid crystal display disposes a bump at the 
bottom of each of the pixel electrode and the common 
electrode to heighten the pixel electrode and the common 
electrode. The electric lines of the biased electric field are 
thus straightened to effectively accelerate the rotation of 
the liquid crystal molecules. As a result, each of the liquid 
crystal molecules rotates to the expected angle earlier. 
Not only is the problem of the narrow viewing angle which 
always occurs in a conventional twisted nematic liquid 
crystal display improved, but also the driving voltage is 
reduced and the driving velocity and the transmittance are 
both improved. Therefore, a liquid crystal display having a 
wide viewing angle is fabricated. The total power con- 
umption is reduced due to the lowered driving voltage. 



the driving velocity is improved to fulfill the requirement 
of animation projecting, the light efficiency of the LCD is 
increased to reduce cost of backlight, and the processing 
is kept simple to not increase total cost. When applying 
the present invention liquid crystal display structure on a 
pratical production line, a very competitive liquid crystal 
display is produced. 
[0035] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 



